The aim of this paper was to determine the effect of production season on sensory attributes of artisanal smoked dry-cured ham and to elaborate findings by non-parametric testing and principal component analysis. Artisanal drycured hams (73 samples) were collected on open market during five consecutive production seasons from the year 2011 to 2015, and quantitative descriptive analysis was performed. The results showed that 10 out of 18 sensory attributes were significantly different (P<0.05) between production seasons. Principal component analysis revealed that the first two principal components explained 45.53% of the total variance. It was found that the odor intensity and after-taste had the strongest positive correlations with the overall acceptability, whereas rancid flavor, mold aroma, bitterness and sourness had the strongest negative correlations. There was no clear separation of production seasons, and a lot of overlapping was observed because dry-cured hams within every production season originated from 12 to 18 individual producers on open market which raised product variability. However, it was possible to describe the seasonal pattern of every production season with specific sensory profile. It can be concluded that production season is a useful variable for describing changes of sensory traits in artisanal dry-cured ham manufacture.
INTRODUCTION
The quality of dry-cured ham is influenced by external and internal factors that can be divided into factors related to the raw material and processing conditions (Ruiz et al., 2002; Kos, 2011; Čandek-Potokar and Škrlep, 2012) . Most of the distinguished dry-cured hams are designated with one of the quality labels as Protected Designation of Origin label (PDO) or Protected Geographical Indication (PGI) which assures quality procedures and controls and makes those products recognizable. In those specifications, several important criteria like pig genotype, breeding technology, slaughter procedure, fresh meat quality traits and technological processing are specified leading to product uniformity as it was found beneficial in many studies (Gonzalez and Ockerman, 2000; Schivazappa et al., 2002; Gilles, 2009; Božac et al., 2011; Čandek-Potokar and Škrlep, 2012) .
Many artisanal meat products rely on manufacturer's knowledge and technological capabilities where environmental conditions are much used in production.
That production is characterized by low to medium level of technologically modern procedures and practices, and products are regionally distributed. Moreover, it is not unusual to find that raw material (fresh hams) used for artisanal production are not fully controlled in terms of pig genotype, feeding, age nor sex, all that could be an important source of product variability. Furthermore, artisanal production of dry-cured ham is often aligned with annual seasons during which the favorable environmental conditions are exploited as much as possible. In these circumstances the production season can be specified as the period from salting and smoking in the colder seasons (late autumn, winter) following drying in spring and ripening in summer and autumn, usually in cellars (Kos and Sinčić, 2013) . Previous studies related to manufacture process have shown that intentionally induced different temperatures and relative humidity, application of smoke as well as duration of the individual phases in the production have a significant influence on the physical, chemical and sensory traits of the finished products (Toldrá and Flores, 1998; Arnau et al., 2003; Kos et al., 2009; Martuscelli et al., 2009; Pugliese et al., 2012; Pleadin et al.,2015; Górska et al., 2017) .
Sensory traits of dry-cured ham are mostly affected by the degree of protein and lipid breakdown by proteolytic and lipolytic enzymes. These changes affect visual and textural traits, odor and taste causing specific consumer acceptability and likeability (Toldrá and Flores, 1998; Gandemer, 2009) . Many studies suggest that enzyme activity is highly dependent on temperature and water activity implying the effect of environmental conditions and drying rate on sensory traits development. Recent study performed by Pena et al. (2013) demonstrated that even the genetic background of the pigs raised in identical nutrition and management conditions influenced appearance, taste, flavor, and texture attributes of drycured hams. Authors proposed that this is done probably through the regulation of both the animal body growth and composition and the biochemical reactions that underlie dry-cured ham processing. Furthermore, drycured ham is made from one shaped but intact piece of meat, and its final quality is known at the consumption.
Hence, a better understanding of seasonal variations is an important topic, particularly essential for standardization of product quality. In the present study it was proposed that the production season is a highly complexed variable consisting of varying environmental and processing conditions as well as raw material quality, and which could affect the sensory profile of artisanal smoked drycured ham. Furthermore, it was assumed that it could serve as a tool for explaining small effects which were not identified in artisanal manufacture for the open market.
Original scientific paper DOI: /10.5513/JCEA01/20.4.2431 Kos et al.: Sensory profiles of artisanal smoked dry-cured ham as affected by production season... Therefore, the aim of this paper was to determine the effect of production season on sensory attributes and to elaborate findings by non-parametric testing and principal component analysis.
MATERIALS AND METHODS
The data used for the study were taken from the sensory analyzes of smoked dry-cured hams from local 
RESULTS AND DISCUSSION
Sensory attributes of smoked dry-cured hams produced during five consecutive production seasons are presented in Table 1 . The results showed that 44.44% of the observed attributes (8 out of 18) were not significantly different (P>0.05) between the seasons.
These attributes were redness, color uniformity, marbling, odor intensity, saltiness and sourness, rancid flavor and mold aroma. All other attributes (10 out of 18 attributes) significantly differed (P<0.05) between production seasons. These attributes were smoke intensity, surface wetness, tenderness, solubility, sweetness and bitterness, butter flavor, fresh meat aroma, after-taste and overall acceptability. Kos and Sinčić Pulić (2013) investigated differences among sensory attributes of 24 Dalmatian hams produced during the season 2010, 2011 and 2012. They reported significant differences (P<0.05) in tenderness, solubility, butter flavor and overall acceptability between production seasons, similarly to the present study. However, they also reported significant differences (P<0.05) in redness, color uniformity, marbling and odor intensity. Somewhat different conclusions were given by Andrés et al. (2004) who established that different temperature conditions in Iberian ham processing did not affect most of the analyzed sensory traits, except dryness, hardness and rancid flavor. The afore-mentioned effect of temperature combined with the effect of relative humidity on physicochemical and appearance traits as stated in the study by Arnau et al. (2003) could be the reason that production season had an influence on sensory attributes The effect of production season on quality of dry-cured ham was previously reported by Pleadin et al. (2015) .
Those authors reported that the fatty acid composition was significantly different during three production seasons. It is known that numerous quality traits of drycured hams depend on lipid content and changes during processing (Gandemer, 2002) . Throughout a complex set of chemical reactions, lipids are solvent of many aroma components and are precursors of many volatiles affecting aroma (Gandemer, 2009 ). These are highly correlated with other sensory traits related to appearance, texture and taste (Ventanas et al., 2007; Marušić et al., 2014) .
Therefore, it is possible that the changes in fatty acid composition could had also an impact on sensory profile of hams confirming the effect of season variations.
Differences between the individual production seasons are complex and therefore in the present study are not explained for each sensory trait, but several important attributes were evaluated. It could be pointed out that smoke intensity statistically differed between production seasons (P<0.05). Toldrá (2002) and Marušić Radovčić (2016) reported that smoking has several advantages, i.e. it gives a distinctive aroma and flavor, influences the texture and color of meat (reaction of smoke carbonyls with amino groups of proteins), improves the overall sensory acceptability of foods, and because of the presence of phenols smoke has bactericidal, bacteriostatic and antioxidant effect. The highest smoke intensity in the present study was assessed in the production year 2011 (6.04), whereas the lowest was in the production year 2012 (4.24). Such significant differences between production seasons could be because of modifications of smoking treatment in artisanal production. Namely, smoking is usually a subjective assessment of a producer given by the climatic conditions. In the case of more humid days, hams are smoked more (Kos, 2011) , and therefore a higher smoke intensity in the product could be expected. According to the results of the smoke intensity, it could be concluded that the hams from the production season 2011 were subjected to a stronger smoking process than the ones from the other production seasons because of adaptation of production process to specific environmental conditions.
The results showed that the hams from the production season 2011 and 2014 had significantly higher (P<0.05) surface wetness when compared to the season 2013. According to Ruiz-Carrascal et al. (2000) high concentration of oleic acid in the intramuscular fat of dry-cured hams is linked to a high fluidity of the fat in the surface of the lean which influences on the wetness and finally appearance of the product. It is well-known that fatty acid composition of pig meat is highly depended on rearing system and feeding regime. When this is added to the insufficient control of fresh ham which could happen in artisanal production, higher product variability can occur. This is in accordance with the results of Pleadin et al. (2015) who reported that the production season could significantly influence fatty acid profile of dry-cured ham.
Furthermore, it has been reported that in various Iberian dry-cured products high concentrations of oleic acid have been related to pleasant aroma like butter flavor (Ruiz et al., 2002; Ventanas et al., 2007) . Similar was established in this study because butter flavor had significantly lower intensity in the production season 2013, as surface wetness had too.
Tenderness and solubility were also significantly different among production seasons (P<0.05). Dry-cured hams produced in the season 2012 had the lowest score for tenderness (6.81) and solubility (6.98), whereas the hams produced in the year 2015 had the highest score for tenderness (7.58) and solubility (7.77). Literature data shows that changes in the tenderness and solubility of dry-cured hams could be numerous. Namely, Buscailhon et al. (1994) reported that tenderness decreases with ageing of the hams. Monin et al. (1997) of the protein. Arnau et al. (1998) and Guerrero et al. (1999) reported that hams with low pH values have lower tenderness, whereas Andronikov et al. (2013) indicated that tenderness could be related to the muscle location of the hams, irrespective of the fresh ham mass and the salt content of the dry ham. As stated by Topel et al. (2013) , tenderness and solubility of the hams (among other sensory attributes such as flavor and juiciness) are also related to the intramuscular fat content. Marbling, which could be explained as visual perception of intramuscular fat content, was not significantly different between production seasons, therefore it is assumed that the fatty acid composition could have a more important role as shown by Pleadin et al. (2015) .
Aroma and flavor are key attributes that have an impact on the overall acceptance of dry-cured products (Górska et al., 2017) . Results in the present study revealed that butter flavor differed significantly (P<0.05) between production seasons. The most intensive butter flavor was in the production season 2012 (5.46), whereas the lowest was in the production season 2013 (3.72). Main biochemical reactions involved in aroma and flavor characterization are lipolysis and proteolysis that produce a wide range of volatiles and precursors (Toldrá and Flores, 1998; Toldrá, 2009; Górska et al., 2017) . According to Gonzalez and Ockerman (2000) and Gandemer (2002) processing duration and temperature have a major impact on the course of lipolysis and proteolysis, the content of free amino and fatty acids, and the activity of lipolytic and proteolytic enzymes. If the processing conditions with higher temperatures are longer, the activity of lipolytic and proteolytic enzymes will be higher, the content of free fatty acids and amino acids will be higher and consequently the aroma would be more pronounced and richer as reported by Toldrá (2002) .
Temperatures during drying and ripening in artisanal production of smoked ham are often uncontrolled and influenced by the environmental conditions (Kos et al., 2009 ). Therefore, some differences in the aroma between production seasons could be due to these uncontrolled conditions.
The overall acceptability of hams was significantly different (P<0.05) between production seasons. The highest overall acceptability was in the production season 2015 (7.58) whereas the lowest was in the production season 2011 (6.94) when smoke intensity had the highest score (6.04). Pham et al. (2008) reported that smoked drycured ham products have higher consumer acceptability scores than non-smoked ones. Morrissey et al. (1998) concluded that lipid oxidation is a major factor that has a detrimental impact on the quality and acceptability of meat products. It is well-known that smoking has many positive effects, so it is expected that smoked meat products will be more stable and durable. Smoking is an essential operation for smoked products making those products sensorially distinctive to non-smoked products.
Although smoke perception is needed for smoked meat products, it appears that its intensity is not linearly but downward parabolically related to product's acceptability.
This could mean that smoke intensity is beneficial to some point from which forward could have negative effect. Overall acceptability 6.94 ± 0.48 b 7.33 ± 0.26 a,b 7.25 ± 0.50 a,b 7.37 ± 0.56 a,b 7.58 ± 0.66 a a,b,c Means with different letters in the same row significantly differ (P<0.05). d PS-2011: production season 2011; PS-2012: production season 2012; PS-2013¬: production season 2013; PS-2014: production season 2014; PS-2015: production season 2015.
The PCA loadings plot for the sensory attributes of the first two principal components is shown on Figure 1 . However, on the loading plot Ruiz et al. (2002) showed that bitterness was located near to, and texture traits away from acceptability as a contrast to our results.
According to the PCA, there was no clear separation of production seasons, and a lot of overlapping was observed. This was expected because dry-cured hams within every production season originated from 12 
CONCLUSION
The production season in this study was proposed to be a highly complexed variable consisting of varying environmental and processing conditions as well as raw material quality which cannot be unambiguously described. It was assumed that it could serve as a tool for explaining small effects which were not identified in artisanal manufacture for the open market. According to the obtained results, it could be concluded that production season have a noticeable effect on the sensory attributes of artisanal smoked dry-cured hams. Most of the sensory attributes (10 out of 18) were significantly different between production seasons with possible explanation. It is most likely that most of the differences in sensory attributes arises from variations in fresh ham quality and environmental conditions in artisanal drycured ham production as it was proposed or established in previous studies. Principal component analysis (PCA) explained 45.53% of the total variance by the first two principal components and it proved to be a beneficial tool for understanding underlying pattern which was not observed by non-parametric testing. It was found that the odor intensity and after-taste had the strongest positive correlations with the overall acceptability, whereas rancid flavor, mold aroma, bitterness and sourness had the strongest negative correlations. As it was expected, there was no clear separation of production seasons, and a lot of overlapping was observed because dry-cured hams within every production season originated from 12 to 18
individual producers on open market which raised product variability. However, it was possible to describe the seasonal pattern in which hams from production season 2011 were characterized as young, insufficiently mature, but at the same time with pronounced color. Hams for production season 2012 were described as desirable with no pronounced negative attributes. Hams from production seasons 2013 and 2014 were characterized by higher intensity of negative flavor and aroma attributes, while those for season 2015 were marked as mature, but mutually different, with distinctive positive and negative attributes. It can be concluded that production season is a useful variable for describing changes of sensory traits in artisanal dry-cured ham manufacture.
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